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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor fabrication machines and 
equipment using the plasma corrosion resistance glass used for the portion which generates plasma in semiconductor 
fabrication machines and equipment or a liquid crystal manufacturing installation, and this plasma corrosion resistance glass, 
or a liquid crystal manufacturing installation. 
[0002] 

[Description of the Prior Art] In recent years, the plasma reactor which used plasma for the CVD processing in a 
semiconductor, liquid crystal, and thin film fabrication, and etching or a resist process is used abundantly. Here, generally 
generating of plasma is performed by applying and plasma-izing a RF and microwave from the outside in plasma generating 
gas. Therefore, the plasma generating portion of a plasma reaction container and a material excellent in the permeability and 
the vacuum airtightness of a RF are specifically used for the induction and the output section of a RF. 
[0003] The quartz glass which is a precise object, alumina ceramics, a single crystal alumina (sapphire), and alumimium 
nitride (A1N) can be considered with a low dielectric constant and low dielectric loss as a material excellent in RF 
permeability and vacuum airtightness. 

[0004] However, neither in alumina ceramics nor a single crystal alumina (sapphire), the shock resistance at the time of high 
temperature is inferior, and it can be said that the mechanical strength demanded at the time of plasma generating is enough. 
Moreover, compared with quartz glass, it is inferior also at the point of a RF property. Moreover, since alumimium nitride 
(A1N) is inferior to surface smooth nature, it has the problem of the surface area **(ed) by plasma becoming large and being 
easy to corrode. That is, even if it is the case where it is used for a plasma generating portion, the chemical reaction by the 
generated ion plasma, the shock of a high-speed particle or an electron, or the active species in a gaseous phase may be 
received. For this reason, as a container of a plasma generating portion, the resistance (henceforth "plasma corrosion 
resistance") over the corrosion by the plasma gas other than the above-mentioned RF penetrable and vacuum airtightness is 
required. 

[0005] Among the above-mentioned material, although quartz glass is excellent a RF property and in respect of thermal 
resistance, its plasma corrosion resistance is not enough. Si02 which is the constituent of quartz glass in fluorine plasma 
especially The following reaction is carried out and it is SiF4. SiF4 generated and generated Since it is the melting point of 
-90.2 degrees C, and the boiling point of -86 degrees C, it is the usual CVD. At processing or an etching process, a gaseous 
phase is stable. For this reason, SiF4 generated by the reaction Si02 which evaporates immediately and newly appears in a 
front face The following reaction will advance rapidly and the corrosion by fluorine system plasma will advance. 
Si02+4 F->SiF4 **+02 ** ~ the life of quartz glass not only becoming short, as for advance of such a reaction but SiF4 By 
continuing generating, there is also a problem of transparent quartz glass becoming white gradually and bringing about the fall 
of a translucency at the beginning. 

[0006] Employing the property of quartz glass efficiently, forming a silicon-nitride (Si3N4) layer in the front face of acid 
nitriding treatment or quartz glass is proposed in the front face of quartz glass so that it may have quartz glass and the thermal 
resistance more than of the same grade and may moreover excel in plasma corrosion resistance. 

[0007] For example, in JP, 60-246281, A and JP,4-59633,A, the method of processing quartz material in ammonia atmosphere 
uses heat treatment according to ammonia gas, and a carbon generation source and hydrocarbon gas at JP,7-53242,A and 
JP,8-222575,A again, and the method of forming a silicon-nitride coating layer in acid nitriding treatment or a quartz-glass 
front face is proposed in the quartz-glass front face. Moreover, CVD which circulates a silicon tetrachloride (SiC14) and 
ammonia gas (NH3) under a vacuum at the elevated temperature of 1200 degrees C or more in JP,62-96349,A The 
quartz-glass coil for semiconductor heat treatment in which the silicon-nitride layer of the substantia compacta was formed on 
the surface of quartz glass is proposed using the method. 
[0008] 

[Problem(s) to be Solved by the Invention] However, although a silicon-nitride layer excels quartz glass in corrosion 
resistance, too, in fluorine plasma, a front face ********** s and there is no plasma corrosion resistance in the level which can 
still be satisfied as a plasma reaction container material. 

[0009] this invention is made in view of such a situation, and the place made into the purpose is to offer the plasma corrosion 
resistance glass which was excellent in the corrosion resistance especially over the plasma gas of a fluorine system as a 


http://wwv^.ipdlJpo.goj^ 

plasma reaction container material used for a semiconductor manufacture process etc 
[0010] 

[Means for Solving the Problem] namely, the plasma corrosion resistance glass concerning the 1st invention the subject of a 
glass morphogenetic substance Si02 it is - in glass, it is characterized by doing 0.05-1 0 atom % content of aluminum 
[001 1] the plasma corrosion resistance glass concerning the 2nd invention the subject of a glass morphogenetic substance - 
Si02 it is in glass, aluminum is characterized by below 10 atom % (0 not being included) containing [ 0.01 - 1 0 atom % 
and nitrogen ] 

[0012] As for plasma corrosion resistance glass, it is desirable that the concentration layer of an aluminum oxide is formed, 
and the content of alkali metal and/or transition metals is 90 ppm in a total amount further. It is desirable that it is the 
following. 

[0013] Moreover, the semiconductor fabrication machines and equipment or the liquid crystal manufacturing installation of 
this invention is characterized by using the plasma corrosion resistance glass of the above-mentioned this invention 
[0014] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained, first, the plasma corrosion 
resistance glass concerning the 1st invention -- the subject of a glass morphogenetic substance - Si02 it is -- in glass, it is 
characterized by doing 0.05- 1 0 atom % content of aluminum 

[0015] By making quartz glass into a subject, it is because the RF permeability and the vacuum airtightness which are 
required of a plasma generating portion and a plasma enclosure portion can be satisfied. 
— [0016] Si02 If the aluminum atom which is in a dissolution state in inside is **(ed) by plasma gas, especially oxygen plasma, 
it will cause concentration in the surface section and will form an aluminum-oxide concentration layer in the glass surface 
section. Here, for an aluminum oxide (aluminum 203), a reaction rate is Si02, although a reaction may advance 
thermodynamically, since it has the free-energy value of big minus in a reaction with an atom-like fluorine. Since it is late 
compared with a reaction rate with F, a reaction cannot advance easily. Therefore, Si02 which is a glass constituent by 
forming an aluminum-oxide (aluminum 203) layer in a gl ass front f ace It prevents that a reaction with fluorine system plasma 
advances. Since 1200 degrees C or more of boiling polntsare a certain sublimability matter and aluminum fluoride can 
continue existing in a quartz-glass front face even if it is the case where an aluminum oxide and a fluorine react and aluminum 
fluoride (A1F3) is generated even if, advance of new corrosion can be prevented. 

[0017] In addition, the aluminum-oxide concentration layer formed in the plasma corrosion resistance glass front face 
concerning this invention is Si02. aluminum 203 formed in a quartz-glass front face of CVD etc. since it is formed of surface 
section concentration of aluminum which is dissolving to inside Compared with the case where it has a coating film, since 
integrity with a glass base is far strong, it will excel also in plasma corrosion resistance. 

[0018] The aluminum of the aluminum content of the high corrosion resistance glass concerning the 1st invention is 0.05 - 1 0 
atom %. It is because it becomes inadequate [ under 0.05 atom % ] forming [ of an aluminum-oxide concentration layer which 
is wearmg a quartz-glass side completely ]. On the other hand, it is Si02. When an aluminum simple substance is made to 
dissolve in the quartz glass made into a subject, in order for some Si atoms to form the three-dimensional structure of the 
tetrahedron of [Si04] in the state where it was replaced by aluminum, the oxygen atom which does not form a crosslinking 
bond arises (this acid atom is called "non-bridging oxygen atom"). In drawing 1 , (a) is what showed the quartz-glass state, Si 
takes the lead, an oxygen atom is arranged at the tetrahedral peak, and the three dimensional array of the tetrahedron of 
[Si04] holding adjoining tetrahedral Si atom and an adjoining tetrahedral Si-O-Si crosslinking bond is formed disorderly. On 
the other hand, as a result of incorporating aluminum into the glass skeleton network structure, positive charge is insufficient 
for drawing 1(b), and the non-bridging oxygen atom in the state where the 3-dimensional network structure was cut exists. 
[0019] Thus, if the content of aluminum increases too much, the reactivity of glass will become high (the general corrosion 
resistance which includes plasma corrosion resistance if it puts in another way is ) with the increase in a non-bridging oxygen 
atom. Moreover, it is because the thickness of an aluminum2 03 concentration layer becomes large and the fall of RF 
permeability will be brought about with increase of an aluminum content. Therefore, it is necessary to make an aluminum 
content below into 10 atom %. Next, the corrosion-resistant glass concerning the 2nd invention is explained. 
[0020] the corrosion-resistant glass concerning the 2nd invention ~ the subject of a glass morphogenetic substance - Si02 it 
is -- in glass, aluminum is characterized by below 10 atom % (0 not being included) containing [ 0.01 - 1 0 atom % and 
nitrogen ] 

[0021] Although the aluminum-oxide concentration layer excellent in corrosion resistance can be formed in a glass front face 
by content of aluminum as the 1st invention described, a non-bridging oxygen atom is also made increased. In the 2nd 
invention, the corrosion resistance fall by cutting operation of aluminum is prevented by making nitrogen contain. That is, 
since a part of oxygen is replaced by nitrogen with three joint hands, and Si=N combination is formed, and the gestalt of ' 
Si-aluminum-O-N (sialon) is made and the binding energy of the whole system is made to increase as shown in drawing 2 the 
corrosion resistance over plasma is strengthened. A corrosion resistance fall is prevented by compensating shortage of the ' 
positive charge generated by adding aluminum atom, and reducing a non-bridging oxygen atom. 

[0022] It is content rate [ of the aluminum concerning the 2nd invention ] 0.01 - 1 0 atom %. It is because corrosion resistance 
can be demonstrated by addition of nitrogen even if it does not contain the aluminum of an amount for the glass front face 
enough in a wrap's in an aluminum-oxide concentration layer, since corrosion resistance improvement in the whole glass by 
formation of Si-aluminum-O-N (sialon) structure can be aimed at. it is because the effect of aluminum addition is saturated 
the crystal of AIN etc. deposits and quartz glass becomes the cause of making the RF permeability which it originally has 
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falling, on the other hand by increase of about [ that the effect on an anti-corrosion disposition is not acquired ] and the 
amount of aluminum, even if it makes the amount exceeding 10 atom % contain 

[0023] What is necessary is for the content of nitrogen to be below 10 atom % (for 0 not to be included), and just to choose it 
suitably according to the content of aluminum. It is because the crystal of SiN, A1N, etc. deposits if the content of nitrogen 
increases too much, although the non-bridging oxygen atom by addition of aluminum can be decreased by content of nitrogen. 


[0024] Furthermore, it sets to the 1st above-mentioned invention and the 2nd invention, and the content of alkali metal and/or 
transition metals is 90 ppm in a total amount. It is desirable that it is the following. Since it becomes the cause of degrading a 
RF property, by lessening these contents, alkali metal and/or transition metals enclose plasma generating gas with the interior, 
and are suitably used as a plasma generating container which is made to penetrate a RF from the exterior and is made to 
generate plasma. 

[0025] Therefore, since the plasma generating portion consists of material which was excellent in the plasma corrosion 
resistance of the above-mentioned this invention, and was moreover excellent in RF permeability and vacuum airtightness, the 
semiconductor fabrication machines and equipment or the liquid crystal manufacturing installation of this invention is 
accurate, and can use plasma etching and a resist process for a long period of time. 
[0026] 

[Example] [Effect of aluminum content] Si02 Powder and aluminum 203 Powder was prepared, it heat-treated at 1700-1900 
degrees C under an inert atmosphere or reducing atmosphere, and the quartz glass which adjusted the aluminum content as 
shown in Table 1 was produced. 

[0027] The produced quartz glass is put in into a RF plasma reactor, and they are the inside of CF4 / 02 mixed gas, or SF6. 
Plasma etching was carried out in gas for 100 hours. The weight decrement before and behind plasma etching was measured, 
and the reduction rate (%) over the weight before etching was searched for. The result is shown in Table 1 and drawing 3 
(CF4 / 02 plasma), and drawing 4 (SF6 plasma). 
[0028] 




ffi*«4>ft (96) 

No . 


CF 4 /O t 

SF 6 

1 

0 

0. 22 

0. 1 2 

2 

0. 0 1 

0. 2 1 

0. 1 1 

3 

0. 02 

0.18 

0. 09 

4 

0. 03 

0. 1 6 

0. 08 

5 

0. 04 

0. 1 3 

0. 08 

6 

0. 05 

0.0 1 

0.006 

7 

0. 06 

0. 008 

0.006 

8 

0. 07 

0.007 

0.005 

9 

0. 08 

0.007 

0.005 

1 0 

0. 1 0 

0. 006 

0.005 

1 1 

0. 1 5 

0. 005 

0.004 

1 2 

0- 25 

0. 005 

0.0 04 

1 3 

0. 50 

0. 004 

0.003 

1 4 

1. 00 

0. 004 

0.003 

1 5 

4. 00 

0. 004 

0.003 

1 6 

6. 00 

0- 004 

0.004 

1 7 

8. 00 

0- 005 

0.004 

1 8 

10.00 

0. 008 

0.007 

1 9 

12.00 

0. 1 2 
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[0029] Although the weight decrement decreased dramatically with 0.003 - 0.01% and the endurance over plasma improved 
when the aluminum addition became more than 0.05 atom % so that Table 1 and drawing 3 , and drawing 4 might show, when 
it became more than 10 atom %, since non-bridging oxygen atoms increased in number, the corrosion by fluorine plasma 
advanced and the weight decrement increased. 

[0030] [Effect of nitrogen content] Si02 Powder and aluminum 203 Powder and Si 304 Powder and A1N powder were 
prepared, it heat-treated at 1700-1900 degrees C under an inert atmosphere or reducing atmosphere, and the quartz glass 
which adjusted the aluminum content as shown in Table 2 was produced. The produced quartz glass is put in into a RF plasma 
reactor, and it is the same conditions 4 as the aforementioned experiment, i.e., CF, and 02. Plasma etching was carried out in 
mixed gas for 100 hours. The weight decrement before and behind plasma etching was measured, and the reduction rate (%) 
over the weight before etching was searched for. The result is shown in Table 2 and drawing 5 . 
[0031] 
[Table 2] 
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1 0. 0 0 
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1 1. 5 
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[0032] CF4 of Table 2 and Table 1 / 02 When the weight decrement to mixed-gas plasma is measured, it turns out that a 
weight decrement can change with additions of N but, and a weight decrement can be reduced rather than an aluminum 
independent case by [ with same aluminum addition ] adjusting the addition of N. 

[0033] The relation of the weight decrement to a nitrogen addition is shown in drawing 5 . If it exceeds 0.01%, plasma 

corrosion resistance is [ that a decrement should just be 0.01% or less ("-" shows among drawing 5 ) ] inadequate ("x" shows 

among drawing 5 ). As for a weight decrement, as for drawing 5 , the addition of N also shows that it is related. 

[0034] Furthermore, the result of Table 2 is expressed to drawing 6 as relation between an aluminum addition (horizontal 

axis) and a nitrogen addition (vertical axis). Although the aluminum addition was a range below 10 atom % more than 0.01 

atom % and the nitrogen addition was [ the weight decrement ] 0.01% or less below in 10 atom % from drawing 6 (shown by 

"-" among drawing 6 ), when the aluminum addition exceeded 10 atom % or the nitrogen addition exceeded 10 atom %, 

0.01% super-next door (shown by "x" among drawing 6 ), and plasma corrosion resistance had the inadequate weight 

decrement. 

[0035] 

[Effect of the Invention] Since the contained aluminum forms the aluminum-oxide concentration layer which was excellent in 
plasma corrosion resistance on the glass front face, the corrosion-resistant glass of this invention is excellent in plasma 
corrosion resistance. 

[0036] Moreover, since a non-bridging oxygen atom can be reduced by content of nitrogen with the high corrosion resistance 
glass which carries out predetermined range content of the nitrogen with aluminum, there is also no corrosion resistance 
general fall by having added aluminum. 

[0037] Furthermore, since the subject of glass is constituted from quartz glass excellent in RF permeability and vacuum 
airtightness, it can use suitably as a container material of a plasma generating portion by making the content of alkali metal 
and/or a fiber metal below into the specified quantity. 


[Translation done.] 
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